Purpose-To determine the ability of the Vulnerable Elders Survey (VES-13) to predict the composite outcome of functional decline and death within 12 months of breast cancer treatment among women ≥ 65 years with newly diagnosed stage I-III breast cancer.
INTRODUCTION
Compared with Non-Hispanic Whites (NHW), African-Americans (AA) are over-burdened with many chronic diseases including functional disability. [1] [2] [3] Functional disability is the inability to independently complete activities of daily living. Furthermore, functional decline, defined as the transition over time to a more functionally dependent state, disproportionately affects AA and persons of lower socioeconomic status (SES). 4, 5 Functional status is a key summary measure of health. 6 Functional status predicts many outcomes in older persons, including total mortality, 7 mortality among hospitalized patients, 8 recovery from intensive care 9 , and tolerance to cancer treatment. 10 Functional disability and decline result in a huge financial burden on the individual and society at large. The added costs of healthcare for the subset of older adults who develop functional decline is estimated at $26 billion per year in the US, just under one tenth of the total cost of healthcare for all persons aged 65 years and older. 11, 12 Therefore, the prevention of functional disability and decline could be significant with potential benefits at both the individual and societal level, and could potentially improve overall survival for those particularly at risk.
The Vulnerable Elders Survey is a 13-item self-administered tool that has been validated in community dwelling elders to predict functional decline or death at 12 months. [13] [14] [15] Using the Medicare Current Beneficiary Survey, Saliba, et al 14 found that community dwelling elders with a VES-13 score of 3 were four times more likely to develop functional decline and death at 2 years compared to their counterparts who scored <3. These findings were subsequently validated in prospective cohort studies. 13, 16 Patients with cancer who were undergoing treatment were excluded from these studies. Therefore it remains unclear if the VES-13 will be useful for predicting functional decline among cancer patients undergoing active treatment and during the early survivorship period where opportunity exists to intervene before functional disability/decline become firmly established.
In light of this existing gap we sought to examine the utility of the VES-13 in predicting functional decline among older women with newly diagnosed non-metastatic breast cancer. This information is clinically relevant for cancer treatment-decision making and for informing interventions aimed at preventing functional decline among older breast cancer survivors.
PATIENTS and METHODS

Study Design and Patient Population
This is a longitudinal study of patients ≥ 65 years with newly diagnosed histologically confirmed stage I-III breast cancer who were recruited from ambulatory oncology clinics at an academic center between April 1, 2008 and April 31, 2013. Exclusionary criteria included receipt of chemotherapy, hormonal or targeted therapy or breast irradiation prior to enrollment for the current diagnosis of breast cancer. Receipt of breast surgery before enrollment was allowed. AA were over sampled. Our rationale for oversampling AA was based on existing literature from the general population showing that AA were more likely to suffer from many chronic diseases including functional disability. We had to oversample and enroll an adequate number of AA to allow us to examine for racial differences in functional outcomes. For that reason we decided a priori to enroll at least 30% AA, and therefore enrolled one AA for every two NHWs. The study was approved by the Institutional Review Board.
Study Procedures and Data Collection
Potentially eligible patients were identified from weekly multi-disciplinary breast cancer conferences and then approached for informed consent by a trained research assistant during patients' initial visit with a medical or radiation oncologist. A Comprehensive Geriatric Assessment (CGA) which included a functional assessment was completed by consenting patients at baseline, six and 12 months from study enrollment.
Measures
Functional Assessment-The VES-13 asks older patients to report their age by three categories (65-74, 75-84, ≥ 85years); self-rated health (excellent, very good, good, fair, poor); functional limitations (1. stooping, crouching or kneeling; 2. lifting or carrying heavy objects; 3. writing or grasping small objects; 4. walking a quarter of a mile; 5. doing heavy housework); and functional disabilities (1. shopping for personal items; 2. managing money; 3. walking across a room; 4. doing light housework; 5. bathing or showering). [13] [14] [15] The maximum score is 10 and increasing scores denote increasing risk of functional decline.
ADLs and IADLs is 6 and 8 respectively, with increasing scores denoting better functional status.
Comorbidities-Medical records were abstracted to obtain data on comorbidities at baseline. This data was supplemented with self-report of medical problems by participants. Using the list of comorbidities we derived the Charlson Comorbidity Index (CCI) 19 score, based on the presence of eighteen medical conditions. Socio-demographic and Other Variables-Socio-demographic variables were captured at baseline using a self-administered questionnaire. Data on median household income was obtained from United States Census Bureau website 20 using participants' zip codes from their place of residence at the time of enrollment. Height was measured to the nearest 0.1 cm and weight measured to the nearest 0.01kg to compute Body Mass Index (BMI). Medical records were abstracted to obtain data on tumor characteristics and cancer treatments received.
Analytic Variables
Primary outcome variable-The primary outcome was a composite outcome of functional decline and death within 12 months of study enrollment. Functional decline was defined as a decrease in at least one point on the ADL and/or IADL scales from baseline to 12 months, Yes or No. 21, 22 Death was considered the most extreme manifestation of functional decline and hence the rational for its inclusion in the outcome. 22 Death status was determined using institution tumor registry records.
Functional status, which is measured by an individual's ability to perform ADL/IADLs, is a key summary measure of the health status of individuals. 6 A deterioration in functional status (a decrease in ADLs and/or IADLs score) is a well-established approach for capturing and defining functional decline and hence the rationale for our approach.
Independent variable-The independent variable was VES-13 scores at baseline analyzed as a continuous variable.
Explanatory variables-Explanatory variables included age (65-74, ≥ 75 years); race (AA, NHW); marital status (married, other); educational status (≤ high school, > high school); median household income dichotomized as <$35,000 (lowest quartile) vs. ≥ $35,000; living situation (alone, other); health insurance carrier (Medicare, other); body mass index [BMI] (<25kg/m 2 , ≥ 25kg/m 2 ); stage (I-II, III); receipt of chemotherapy (Yes or No); receipt of hormone therapy (Yes or No); and comorbidity [CCI score (0-1, ≥ 2)].
Data Analysis
We excluded from the analyses participants who did not complete follow-up despite the fact that they had not died (N=22). We compared participants' baseline characteristics between the two groups (functional decline/death vs. no functional decline/death) using independent t-tests for continuous variables and Chi-square/Fisher exact tests for categorical variables. We also examined differences in VES-13, ADL/IADL scores between groups using Kruskal- 
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Wallis test. Using univariate logistic regression with functional decline/death (Yes vs. No) as an outcome variable we identified explanatory variables that had univariate associations with functional decline/death (p < 0.10). Our final model used a backward multiple logistic regression method using the same outcome variable and explanatory variables from the univariate logistic regression analysis that were associated with functional decline/death, Because of co-linearity between baseline VES-13 scores and ADL/IADL scores, we did not include baseline ADL/IADL scores in regression models. Interaction between variables in the final model were examined. We conducted the receiver operating characteristic curve (ROC) for the final model using the estimated area under the ROC curve (AUC). Ordinal logistic regression was used to obtain the probabilities of death, and of death or functional decline according to VES-13 scores.
Sensitivity analysis were conducted with functional decline only as an outcome. We did not examine death only as an outcome because the number of deaths was only seven.
All P values presented are two-sided. All analyses were conducted using SAS version 9.4 (SAS institute, Cary, NC).
RESULTS
The study flow chart is depicted in Figure 1 . Of 614 patients ≥ 65 years, who were screened for study participation, we identified 534 (87%) as being potentially eligible and approached 267 (50%) for informed consent. Of those approached, 206 (77%) agreed to study participation and 61 (23%) declined study participation. The only patient factor that was significantly different between those who were approached for consent and those who were not was race, with AA being more likely to be approached for consent compared with NHW, (65% vs. 44%, p=0.0005). This is because our strategy was to oversample AA. Among patients who were approached, there was no statistical significant difference between consenters and non-consenters by race [AAs vs. NHW, (27% vs. 33%, p=0.40)] or by age group [<75 vs. ≥ 75 years, (28% vs. 34%, p=0.40).
Reasons why approximately 50% of potentially eligible patients were not approached included; ineligibility (39%), inability to reach patient due to location of ambulatory clinic being more than a twenty mile radius from the main academic center and/or occurrence of simultaneous office visits by multiple patients at same time at different location (42%), physician request not to approach patient (3%), medical illnesses precluding study participation (6%) and failure to follow-up with medical or radiation oncologist after primary breast surgery (10%).
Participants' Baseline Characteristics
The median duration from diagnosis to baseline assessment was 2.1 months (interquartile range (1.2-3.0 months). The median duration of follow-up was 12.1 months (interquartile range (11.6-12.7 months). The cohort had a mean age of 74.9 years (range 65-93 years), mean baseline VES-13 score of 2.3, SD 2.7, 25% had ADL disability, 31% had IADL disability, 33% were AA, and 44% had ≤ high school education. 
Participants' Baseline Characteristics According to Functional Decline/Death Status
Predictors of Functional Decline or Death at 12 months
Using univariate logistic regression with functional decline/death (Yes vs. No) as an outcome variable, we found that nine explanatory variables (baseline VES-13, age, race, education, marital status, median household income, Charlson Comorbidity Index, stage and surgery) had univariate associations with the functional decline/death (p < 0.10), see Table 2 .
Using backward multiple logistic regression with the same outcome and the eight explanatory variables from the univariate logistic regression analysis, we found that baseline VES-13 and educational status were the only significant independent predictors of functional decline/death at 12 months, ( Table 3 ). The odds of functional decline/death were multiplied by 1.37 for each one-point increase in VES-13 score, (AOR = 1.37, 95% CI=1.18-1.57), and participants with ≤ high school education vs. those with > high school education had 2.5 times higher odds of developing functional decline/death, (AOR = 2.47, 95% CI=1.08-5.65). The area under the ROC was 0.79, 95% CI=0.71-0.87, see Figure 2 .
The univariate association between VES-13 scores and predicted probability of death, and of death or functional decline over the 12 month follow-up period, estimated from the ordinal logistic regression, are depicted in Figure 3 . For participants with a VES-13 score of 3 the predicted probabilities of death, and of death or functional decline in the next 12 months were 0.04 and 0.23, respectively. With increasing scores, probabilities increased such that at a VES score of 10, the predicted probabilities of death, and of functional decline or death in the next 12 months were 0.24 and 0.76, respectively.
Multivariable analyses with functional decline only as the outcome of interest showed similar results, data not shown. The odds of functional decline versus none were multiplied by 1.43 for each one-point increase in VES-13 score, (OR = 1.43, 95% CI=1.24-1.64). The area under the ROC was 0.75, 95% CI=0.65-0.85. Educational status was no longer significantly associated with functional decline at 12 months (p=0.10) and VES-13 remained the only independent significant predictor of functional decline.
DISCUSSION
Among older women with stage I-III newly diagnosed breast cancer one in five developed functional decline/death within 12 months of initiating treatment for breast cancer. The VES-13 was a useful instrument for predicting functional decline. Notably, the study identified VES-13 scores and educational status as the only independent predictive factors associated with functional decline/death within 12 months of treatment initiation.
The VES-13 is a well-established instrument and has been validated among older adults in general as a useful instrument for predicting functional decline and death. Our study extends the utility of the VES-13 survey to newly diagnosed older breast cancer patients undergoing active treatment for cancer, a population that was excluded in prior validation studies. It is remarkable that the magnitude of the predictive properties of the VES-13 found in our study were nearly identical to results found by Min et al 13, 16 in their validation studies among the general older adult population. This attests to the validity of the VES-13 in predicting functional decline irrespective of the patient population. Several small studies and a few large studies have also examined the utility of the VES-13 in the geriatric oncology population for its utility to screen and identify patients who will benefit from a full CGA, or to completely replace the need for a CGA. [23] [24] [25] Consistently, these studies have demonstrated that the VES-13 is not a perfect screening instrument nor can it substitute for the CGA. This is not surprising given that the VES-13 was never developed nor was it validated to replace the CGA. Used as intended and developed, it is a robust and consistent instrument for predicting functional decline and death, irrespective of patient population. Given the importance of functional status in predicting cancer treatment tolerance, and based on results from emerging studies 26 , it is conceivable that the VES-13 might serve as a useful instrument for predicting chemotherapy toxicity and tolerance to cancer treatment.
The significant association between SES and functional decline found in our study deserves comment. This finding is consistent with existing literature which has demonstrated racial and SES-related disparities in functional and health status in the United States with racial minorities and persons with lower SES persistently exhibiting poorer health status, and higher rates of functional disability/decline, and mortality. 1, 4, 5 Our recent work which evaluated the baseline cross-sectional relationship between patient characteristics and functional status in older women with breast cancer and published in Cancer in 2013 27 , demonstrated that compared with NHW, AA were four times more likely to have functional disability at initial diagnosis of breast cancer. Lower SES explained 59 percent of the racial disparity in functional disability at diagnosis. Specifically in that study, older women with newly diagnosed non-metastatic breast cancer who had ≤ high school education or had a median household income of <$35,000.00 were 3.5 and 2.5 times more likely, respectively, to have functional disability at initial diagnosis of breast cancer. In the current study we extend our findings by demonstrating that SES-related disparities in functional status persist with longitudinal follow-up and that once again socioeconomic differences account for disparities in functional decline.
Breast cancer survival rates among older AA women continue to lag behind that of older NHW. 28 A recent SEER-Medicare database analysis of >28,000 older women with breast cancer suggests that the racial disparity in breast cancer survival among older women is partly due to the poorer health status of older AA (vs. NHW) at breast cancer diagnosis. 29 This poorer health status is hypothesized to blunt the long-term survival benefit derived from cancer treatment. 29 It is unfortunate but not surprising that once again older AA and women of lower SES are disproportionately affected by functional disability and decline, a key summary measure of health. 6 This speaks to the general poor health of these two patient populations and may partly explain the poorer breast cancer outcomes experienced by AA and women of lower SES. It is therefore imperative for efforts to be developed and focused on improving the functional health of at risk populations, otherwise racial and SES-related disparities will only widen. Such efforts in the long-term may improve treatment tolerance, functional and overall health, ultimately translating to improved breast cancer survival for older AA and women of lower SES.
Many studies have demonstrated the benefits of increased physical activity. Specifically, older adults engaged in 150 minutes of moderate intensity aerobic exercise per week, as recommended by the US Department of Health and Human Services (DHHS), 30 can reduce the risk of functional limitations by up to 50%. 31 In addition, regular physical activity after breast cancer diagnosis is associated with improved breast cancer-specific and overall survival 32, 33 . A meta-analysis of more than 12,000 women with breast cancer showed that post-diagnosis physical activity reduced breast cancer mortality by 34% and all-cause mortality by 41%. 34 Despite these and many other health benefits, only about 50% of Americans engage in the recommended amount of physical activity. 35 Rates of physical inactivity are particularly high among older AA breast cancer survivors 36, 37 , the very population disproportionately affected by obesity, functional disability/decline. Promotion of healthy behaviors is therefore critical to addressing health disparities among these populations. 38 Physical activity studies involving older AA and lower SES breast cancer survivors, two groups that are particularly vulnerable to functional disability/decline 39, 40 are lacking, have been identified as a critical research need, 41 and are therefore warranted.
Our study had several limitations. The cohort was enrolled from a single academic institution. Therefore results may not be generalizable. However, the consistency of our results with the original VES-13 validation studies suggests otherwise. Deaths were ascertained from tumor registry rather than from a more centralized database such as the National Death Index. However, because this was a single institution study we were able to rely on tumor registry results. Duration of treatment and recurrences though rare in the first year of diagnosis, could have an impact on functional status. However, our study did not accounted for treatment duration or recurrences in our analysis. Despite these limitations, are results are consistent with existing literature suggesting that our results are robust.
In conclusion, among older women with newly diagnosed stage I-III breast cancer, one in five developed functional decline/death within 12 months of treatment initiation. Women with ≤ high school education were disproportionately affected. The VES-13 is a useful instrument for early identification of those at risk for functional decline/death among older women with breast cancer. Use of the VES-13, a patient self-administered instrument that takes only 4 minutes to complete should be encouraged for early identification of those at risk. Behavioral research and efforts to ameliorate functional disability and decline among older women with breast cancer are warranted for all but in particularly for older African-American and women of lower socio-economic status. Such efforts may in the long-term translate to improved treatment tolerance and better breast cancer outcomes. Probabilities of death, and of death or functional decline according to VES-13 scores 
